Resistance to the two-spotted spider mite, Tetranychus urticae (Koch), in New Guinea Impatiens by Al-Abbasi, Sabri Hassan
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1981
Resistance to the two-spotted spider mite,
Tetranychus urticae (Koch), in New Guinea
Impatiens
Sabri Hassan Al-Abbasi
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Entomology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Al-Abbasi, Sabri Hassan, "Resistance to the two-spotted spider mite, Tetranychus urticae (Koch), in New Guinea Impatiens " (1981).
Retrospective Theses and Dissertations. 7146.
https://lib.dr.iastate.edu/rtd/7146
INFORMATION TO USERS 
This was produced from a copy of a document sent vo us for microfilming. While the 
most advanced technological rr,eans to photograph and reproduce this document 
have been used, the quality if heavily dependent upon the o laiity of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a good 
image of the page in the adjacent frame. !f copyrighted materials were 
deleted you wiii find a target note listing the pages in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner of 
a large sheet and to continue from left to right in equal sections with small 
overlaps. If necessary, sectioning is continued again—beginning below the 
first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by xerography, 
photographic prints can be purchased at additional cost and tipped into your 
xerographic copy. Requests can be made to our Dissertations Customer 
Services Department. 
5. Some pages in any document may have indistinct print. In all cases we have 
filmed the best available copy. 
University 
Microfilms 
inter naticxTal 
( 0 ( 1  N  / I  I  I ' ,  i i i  I  ,  / v N h J  A  m ' . I  J i , ' .  M l  - U i U K ,  
8122493 
AL-ABBASI, SABRI HASSAN-
RESISTANCE TO THE TWO-SPOTTED SPIDER MITE TETRANYCHUS 
URTICAE (KOCH), IN NEW GUINEA IMPATIENS 
Iowa State University PH.D. 1981 
University 
Microfilms 
I n tG r n ât i 0 n â I 300 X. Zeeb Road, Ann Arbor, MI 48106 
PLEASE NOTE: 
In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V . 
1. Glossy photographs or pages ^ 
2. Colored illustrations, paper or print 
3. Photographs with dark background 
4. Illustrations are poor copy 
5. Pages with black marks, not original copy 
6. Print shows through as there is text on both sides of page 
7. Indistinct, broken or small print on several pages 
8. Print exceeds margin requirements 
9. Tightly bound copy with print lost in spine 
10. Computer printout pages with indistinct print 
11. Page(s) lacking when material received, and not available from school or 
author. 
12. Page(s) seem to be missing in numbering only as text follows. 
13. Two pages numbered . Text follows. 
14. Curling and wrinkled pages 
15. Other 
University 
Microfilms 
International 
Resistance to the two-spotted spider mite, 
Tetranychus urticae (Koch), in New Guinea Impatiens 
by 
Sabri Hassan Al-Abbasi 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major: Horticulture 
Approved : 
i Charqe of Manor Wo k
For the Major Department 
For tlfe ^ daduate College 
Iowa State University 
Ames, Iowa 
1981 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
LITERATURE REVIEW 2 
Biology and Ecology 2 
Host-Plant Resistance to Spider Mite 7 
MATERIALS AND METHODS 16 
Initial Screening and Evaluation of Plants 16 
Determination of Leaf Cuticle 19 
Crosses and Selfs Among Plants 19 
Tests on Selected Parent and Progeny Plants 23 
RESULTS 29 
Initial Screening and Evaluation of Plants 29 
Crosses and Selfs for Progeny Evaluation 34 
Tests on Selected Parent and Progeny Plants 42 
DISCUSSION AND CONCLUSION 51 
LITERATURE CITED 63 
ACKNOWLEDGMENTS 69 
1 
INTRODUCTION 
Since World War II, spider mites have been considered 
serious phytophagous pests for distinct food, fiber, and orna­
mental plants. They may cause very heavy crop losses through 
damaging leaf surfaces, the stomata, and spongy parenchyma, 
and they may inject toxic materials into the leaf and inter­
fere with vital processes (Huffaker et al., 1969). Up until 
recently, it was possible to control most species of spider 
mites by use of acaricides. These include the organophos­
phorous compounds, organochlorines, nitrophenols, quinoxalines, 
and the formamidines (Heme et al., 1979). Recently, however, 
many populations of mites have developed marked resistance to 
such acaricides. Therefore, it has been necessary either to 
keep developing new compounds that mites have no resistance 
to, or breed new plant varieties that are resistant to the 
pest. The latter has been considered by many growers to have 
great potential for pest control, and it is compatible with 
other methods of integrated control (Dahms, 1972). 
The two-spotted spider mite, Tetranychus urticae (Koch), is 
one of the most important spider mites in the temperate regions 
of the world (Kono and Papp, 1977), with long range of host 
plants. It is a major pest on casava, castorbean, chrysanthe­
mum, cotton, cucumber, geranium, grape, hop, potato, soybean, 
strawberry, sugarbeet, tomato, and a great many other plants. 
2 
Breeding plants resistant to this pest has been successfully 
achieved in such plants (Ponti, 1977). Little work, however, 
has been done with other ornamentals. 
The biggest problem with growing New Guinea Impatiens 
plants is their susceptibility to the two-spotted spider mite. 
The problem is particularly severe in the greenhouse. While 
working with these plants at the Iowa State University 
Horticulture greenhouse, variation in susceptibility to the 
pest among different Impatiens genotypes has been observed. 
Therefore, a concern of more detailed study of the resistance 
to the mite has been established. 
The objectives of this work are to evaluate some of the 
Impatiens genotypes concerning their resistance to the two-
spotted spider mite and to investigate physiological and 
morphological factors that may be related to the resistance 
mechanism. 
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LITERATURE REVIEW 
The two-spotted spider mite has been known under many 
names: the glasshouse spider mite, red spider mite, and red 
spider (Jeppson et al., 1975). These common names included 
Tetranychus cinnabarinus (Boisduval), Tetranychus telarius 
(Linnaeus), Tetranychus bimaculatus (Harvey), Tetranychus 
urticae (Koch), and up to 59 synonyms (Jeppson et al., 1975; 
Kono and Papp, 1977; Smith and Baker, 1968) now considered as 
different species. According to the work of Boudreaux and 
Dosse (1963), Tetranychus urticae (Koch) is the valid name 
for the two-spotted spider mite. 
The two-spotted spider mite has been studied by a large 
number of investigators. Literature reviewed here is con­
cerned with some of the biological and ecological studies and 
the host plant relationship. 
Biology and Ecology 
The two-spotted spider mite, as cited by Nelson and 
Stafford (1972), was found to have the haploid number of 
chromosomes (n=8) in the male and the diploid number of chromo­
somes (2n=16) in the female. The stages in the life cycle are 
egg, larva, protonymph, deutonymph, and adult (Van de Vrie 
et al., 1972). Each active immature stage is followed by a 
quiescent state (Huffaker et al., 1969). These stages and 
state may vary in their susceptibility to environmental 
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stresses. Cagle (1949) found the average life period was 28 
days for adult males and 22 days for adult females. Harrison 
and Smith (1961) found that mean incubation periods for the 
eggs ranged from 2.4 days at 32.5°C to 33.2 days at 11.5°C. 
Hussey et al. (1957) found that the number of generations of 
the two-spotted spider mite and their seasonal activity are 
correlated with temperature as modified by other factors, such 
as the nutritional conditions of the host plant. In green­
houses, they found that the duration of egg stage for females 
decreased from 5.9 days at 21.1°C to 2.3 days at 35°C, and 
that the duration of the larva stage decreased from 7„4 days 
at 21.1°C to 3.4 days at 32.2°C but rose to 4.1 days at 36.7°C. 
As with other spider mites, the maturing males of this species 
locate and remain near the quiescent deutonymphs with mating 
taking place immediately after cedysis of the young females 
(Van de Vrie et al., 1972). 
Humidity also is important in spider mite ecology. 
Winston (1963) stated that both gain from and loss to the at­
mosphere of water by mites is fundamental to their existence. 
The amount of feeding they do and thus the injury they cause 
may be related to their water balance (Wharton, 1963). 
Boudreaux (1958), in a study of four species of spider mites, 
found a reduced egg production and oviposition period and in­
creased mortality of newly hatched larvae under high humidity 
and postulated that water loss by evaporation determines the 
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amount that the mite can take in by feeding. Thus, under low 
humidity, both intake of nutrients and reproduction will be 
greater. 
Effects of light on spider mites also have been studied. 
The reaction to light of two-spotted spider mites was studied 
by Suski and Naegele (1963). They reported that this species 
shows sedentary and dispersal phases. On a fresh leaf of 
favorable food, the mite showed little or no response to 
light, but as soon as the leaves are destroyed by mite feeding, 
a food deficiency and desiccation occurs causing an increase 
in activity in the mite population which interacts with some 
still unknown factors leading to a taxis-type light response 
for new food resources. McEnroe and Dronka (1966, 1969) 
studied the reaction of adult females of the two-spotted spider 
mite to the light of various wavelengths. They reported that 
the color vision of the two-spotted spider mites is shown to 
be the near-ultraviolet and green region. Another activity of 
spider mites found to be affected by light is webbing. Gerson 
(1979), using different light conditions, found that the 
largest amount of silk was spun under continuous light condi­
tions, less under an alternating light regime of 14 hours 
light and 10 hours darkness, and least in total darkness. 
Locomotion, spinning, and feeding, important activities 
in spider mite biology, were studied by many investigators. 
Saito (1977) found a very close correlation between the 
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walking activity of the females of the two-spotted spider 
mites and their spinning. Hazan et al. (1975) found that 
feeding, at its best conditions of 24°C and 38% relative 
humidity, best promotes spinning. Starved mites, however, 
web a large amount of silk before they die (Hazan et al., 
1974), indicating that feeding is not necessary for spinning, 
and that materials required for this silk are carried over 
from the preadult stages. 
Hussey and Parr (1963) reported that the two-spotted 
spider mites spread by three different methods : migration 
of the teneral females to oviposition sites, migration from 
heavily infested plants by dropping off, and migration over 
the soil surface in accordance with the plane of polarized 
light. The effect of these dispersal mechanisms is to re­
strict mite population to one portion of a greenhouse from 
season to season, with relatively slow lateral spread from 
these centers during each growing season (Van de Vrie et al., 
1972) . 
There are many ways that a host plant might affect a 
spider mite population. The structure of the leaf surface, 
thickness of the cuticle, chemical composition of the saps, 
osmotic pressure within a cell, microclimate in the canopy, 
and most probably many others (Jesiotr et al., 1979). Of 
the above factors, numerous workers, such as Henneberry 
(1962), Rodriguez (1951), and Suski et al., (1975), investi-
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gated the effect of the application on plants of the mineral 
fertilizers on the mite populations. They reported contra­
dictory results. None of the other physical or the physio­
logical factors have been thoroughly investigated at present. 
Host-Plant Resistance to Spider Mite 
Painter (1951) defined resistance of a plant to an in­
sect pest as "the relative amount of heritable qualities 
possessed by the plant which influence the ultimate degree 
of damage done by the insect." The resistance to pests can 
be caused by one or more of several different kinds of 
mechanisms. Painter (1951) divided them into three main 
mechanisms. These are: (1) nonpreference, which is shown 
by plants that are unattractive or unsuitable for food, 
shelter, or oviposition by an insect; (2) antibiosis, which 
adversely affects insect mortality, size, and life history 
(Owens, 1975) ; (3) tolerance, which enables a host plant to 
withstand an attack by insects without suffering severe 
damage; and (4) pest avoidance, which is expressed as a 
tendency to escape infestation (Russell, 19 78). 
Nonpreference 
Any inherited characteristic of a host plant that dis­
courages the feeding, colonization or oviposition of an 
animal pest makes it "nonprefered" by that pest (Russell, 
1978). Ponti (1977) used the term "nonacceptance" instead 
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of the terra "nonpreference". He indicated that during the 
orientation phase of an insect, a plant is rejected as a 
host regardless of whether it is offered singly or together 
with other plants. However, the term "nonpreference" has 
been generally accepted and used to mean nonacceptance by 
many breeders. 
Nonpreference may be attributed to morphological, 
physiological or biochemical factors in the host plants 
(Russell, 1978). Beck (1965), Owens (1975), Painter (1951), 
and Russell (1978) exhibited many examples regarding this 
subject. 
Antibiosis 
The rate of population increase on a host plant is re­
duced by antibiosis because it causes the death of the pest, 
or decreases its rate of development or reproductive poten­
tial (Russell, 1978). This was attributed either to the 
presence of toxic secondary compounds (Fraenkel, 1959) and/ 
or lack of essential nutrients (Thorsteinson, 1960). 
Tolerance 
Tolerance, as stated by Russell (1978), does not in any 
way restrict or hinder the colonization of a host plant by 
a pest nor does it affect the development or reproduction of 
that pest. It does, however, reduce the damage to the host 
plant that is caused by a pest, since a tolerant variety 
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will grow more normally and produce higher yields than an 
intolerant variety when they are both infested to the same 
extent by a pest. 
Tolerance, as stated by Owens (1975), can be divided 
into at least two categories, endurance and repair. En­
durance is often encountered in insects with piercing-
sucking mouth parts, whereas repair tolerance is associated 
with insects with biting mouth parts. 
Beck (1965) dropped tolerance from the resistance con­
siderations because of its implication to a biological rela­
tionship between insects and plants which is quite different 
from resistance in the strict sense. He defined resistance 
as being "the collective heritable characteristics by which 
a plant species, race, clone, or individual may reduce the 
probability of successful utilization of that plant as a host 
by an insect species, race, biotype, or individual." 
Pest avoidance 
Some plants avoid infestations because they are not at 
a very susceptible stage when pest populations are at their 
peak (J^ussell, 1978). In some apple cultivars, as reported 
by Briggs and Alston (1969), the infestation by different 
species of insect pest does not occur because the buds of 
the plants do not break until after the main hatching or 
emergence period of the pest. Many breeders referred to 
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this type of resistance as pseudoresistance. 
Although it is not always necessary to identify the 
bases of resistance present to develop an insect resistant 
line, it is essential to distinguish between tolerance, non-
preference, and antibiosis (Owens, 1975). The terminology 
involving the resistance mechanisms of plants to insects is 
applied to resistance studies of plants to spider mites, 
since there are no essential differences in resistance to 
plant parasites (Ponti, 1977). Even though spider mites 
are not insects, they have been treated, concerning their 
relationship to host plants, as insects and most of the 
plant-spider mite studies are published in the same publica­
tions as those studies concerning insect resistance. 
Resistance to spider mites, with different levels, has 
been found in many different crops, including a few orna­
mentals. The following is an exploration through some 
studies concerning plant resistance to the two-spotted 
spider mite, Tetranychus urticae (Koch) and its synonyms. 
In chrysanthemum plants, the reproduction rate and life 
span of the two-spotted spider mite were investigated by 
Markkula et al. (1969), who found differences in abundance 
of spider mite on different species of chrysanthemum. They 
also reported that potassium deficiency increased mite repro­
duction on some of the cultivars and decreased it on others. 
Resistance to the two-spotted spider mite was demon­
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strated by screening seedlings of some cotton plants in the 
greenhouse (Schuster et al., 1972; Schuster and Maxwell, 
1976). Also, Schuster et al. (1972) found resistance in 
some races in the field when they infested plants with lab-
oratory-reared two-spotted spider mites. Bailey et al. 
(1978) studied 16 cotton genotypes with different morpho­
logical characters. They stated that selection of resis­
tant cotton genotypes based on morphological traits may be 
explored in future host resistance studies. 
In cucumber, the presence of cucurbitacin has been re­
ported to be associated with a toxic effect of cucumber 
leaves to the two-spotted spider mites (DaCosta and Jones, 
1971; Kooistra, 1971). DaCosta and Jones (1971) believed 
that cucurbitacins evolved in wild cucumbers as a mechanism 
to protect them from this pest. Scans et al. (1973) found 
a bitter cucumber variety that was as susceptible to the two-
spotted spider mite as a nonbitter one. They concluded that 
bitterness was not always associated with resistance to mites. 
Ponti (1979) found similar examples of bitter susceptible 
plants. He explained the results as a close linkage between 
genes for resistance and bitterness rather than both charac­
teristics being controlled by a single gene. 
A collection of eggplants and related Solanum species 
from different parts of the world were tested by Schalk et 
al. (1975) for their resistance to the carmine spider mite. 
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Tetranychus cinnabarinus (JBoisduval) . Tolerance to mite 
feeding damage was found in some species, antibiosis was 
found in others, and nonpreferenae for feeding and oviposi-
tion was found for others. Some of these species showed 
antibiosis and nonpreference simultaneously. Immunity was 
found in some accessions. Glandular hairs on these plants 
were found to trap the mites on the leaf surface. Also, the 
exudate from these hairs may have had repellent, deterrent, 
or lack of arrestant properties. 
Similar observations on mite fecundity were noted by 
Soans et al. (1973) on some of the same cultivars which were 
used by Schalk et al. (1975) when they were studying the 
resistance of eggplants to the two-spotted spider mite. 
In regard to the resistance to the two-spotted spider 
mite by geranium plants, Snetsinger et al. (1966) reported 
that susceptible geranium plants are easy to detect by 
their yellow leaves and whitish streaks caused by feeding 
injury of the pest. They also stated that resistance and 
susceptibility can be measured objectively by rearing spider 
mites on detached geranium leaves and recording the number 
of eggs laid per female. They did not report the charac­
teristics that promote the resistance, but they suggested 
that certain types of secretory hairs on both surfaces of 
the leaves may be involved. 
In hop plants, attention was paid to studying the 
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chemical nature of resistance. Regev and Cone (1975) 
submitted evidence that farnesol serves as a component of 
the two-spotted spider kite's male sex attractant-arrestant 
system. Since mites are not known to synthesize farnesol, 
Regev and Cone (.1975) designed a study to investigate 
whether the hop varieties differ in farnesol content and to 
test the association of the mite populations with farnesol 
content of different hop varieties. They found a positive 
correlation between farnesol content of the plants and 
susceptibility to two-spotted spider mite infestation. In 
bioassay study, Regev and Cone (.1980) isolated and identified 
another male attractant chemical, citronellol, from pharate 
females. In their work, they found that males were highly 
attracted to 10 ppm synthetic citronellol. 
The inheritance of resistance to the two-spotted spider 
mite in strawberry plants was studied by Chaplin et al. 
(1968). They indicated that it was partially dominant and 
controlled by multiple genes, and that zelfing resulted in 
a loss of resistance. It was speculated that this might be 
due to nonadditive gene action and/or a loss of vigor. They 
also indicated that breeding for mite resistance in straw­
berry is feasible. Later, Chaplin et al. (1970) studied the 
breeding behavior of mite-resistant strawberry plants by means 
of backcrosses, sib crosses, outcrosses, and combinations of 
selfed lines. They found that backcrosses to the resistant 
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parents resulted in intermediate progeny with a resistance 
level nearer to that of the less resistant parent. Back-
crosses to the susceptible parent also resulted in inter­
mediate progeny reacting more like the resistant parent. 
Outcrosses gave progenies similar to those of backcrosses 
but with less spread in resistance. Progeny of crosses 
between certain resistant, selfed selections showed alsmot 
complete dominance for mite resistance. 
Sances et al. (1979) studied morphological responses 
of strawberry leaves to infestations of two-spotted spider 
mite. They reported that stomatal closure was an important 
host-plant response associated with spider mite infestation 
on these plants. They attributed the loss in productivity 
of infested strawberry plants to the stomatal closure which 
reduces the CO^ uptake, thus, lowering the photosynthesis 
rate. In this study, they also found significant differences 
in stomatal opening between mite-infested and mite-free 
leaflets. 
The two-spotted spider mite was reported by Patterson 
et al. (1974) as the limiting factor in growing susceptible 
tobacco cultivars in the greenhouse. In their study, they 
rated the plants due to the injury caused by infestation and 
stated that resistance associated with a viscid secretion 
from trichâmes took 2 forms: toxicity and entrapment, either 
one resulting in mite death. 
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In tomato, the potential for controlling the spider 
mites by host-plant resistance has been demonstrated by 
Gilbert et al. C1966) and Stoner and Stringfellow C1967). 
They showed that tomato varieties differ significantly in 
resistance to carmine spider mite. Stoner et al. (1968) 
and Stoner (1970) found a positive correlation between the 
level of resistance in tomato plant and the density of 
glandular hairs on their leaves, confirming the suggestion 
of McKinny (1938) and Johnson (1956). 
Patterson et al. (19 75), concerning the chemical nature 
of tomato resistance to the two-spotted spider mite, reported 
two compounds present in leaves of resistant varieties which 
were the most toxic and repellent to the two-spotted spider 
mites. These compounds were sesquiterpenoids. 
Finally, no information has been found in the litera­
ture concerning the study of resistance to the two-spotted 
spider mite or any other mite in New Guinea Impatiens plants. 
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MATERIALS AND METHODS 
Initial Screening and Evaluation of Plants 
Twenty-seven lines of New Guinea Impatiens plants were 
cloned in the spring and again in the fall of 19 79 (Table 1). 
After rooting, they were planted in 7.6 cm pots and allowed 
to grow for 4 weeks. Three replications of each line were 
randomly assigned in 1.5 x 1.5 x 1.2m plastic cages to 
isolate them during screening from other plants in the 
greenhouse. 
When inoculated, the host plants were 15-20 cm in height 
and had 14-16 leaves. Each plant was inoculated with 10-12 
adult females of two-spotted spider mites which had been 
reared and maintained in the cages on susceptible Impatiens 
lines. The susceptible plants were replaced frequently to 
maintain a vigorous mite population. The mites were trans­
ferred from plant to plant with a small brush. The pot rims 
were rubbed with vaseline to restrict the migration of mites 
from plant to plant in the cages. Direct contact among host 
plants was eliminated for the same purpose. 
At weekly intervals for eight weeks, differences in the 
degree of damage caused to plants by mites were judged and 
plants were scored on a scale of 1 to 5 (1 = highly resis­
tant, no leaf yellowing; 2 = resistant, leaf yellowing 
indicated; 3 = intermediate, half of the leaf yellowed and 
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Table 1. Impatiens lines used in the screening procedure 
for resistance to the two-spotted spider mite, 
Tetranychus urticae Koch, their pedigree, and 
parentage ratio 
Parentage 
Line Pedigree ratio 
7 P.I.354251^ 1/1 
12 P.I.354256 1/1 
14 P.I.354258 1/1 
16 P.I.354260 1/1 
21 P.I. 354265 1/1 
October Charm Not available 
Hot Pants Not available 
Stoplight Not available 
452-lb P.1.354252 1/2 
, P.I.354254 1/2 
473-lG P.I.354259 1/2 
, 452-1 1/2 
474-2^ 452-1 1/4 
P.I.354259 1/4 
P.I.349588 1/4 
P.I.354265 1/4 
622-1° P.I.354253 1/4 
21 1/4 
12 1/4 
P.I.349588 1/8 
, P.1.354252 1/8 
625-1 P.I.354255 1/8 
P.I.354259 3/8 
P.1.354252 1/4 
P.I.354257 1/4 
7884-cb P.I.354254 1/8 
P.I.354252 3/8 
, 625-1 1/2 
7729-8° and P.I.354253 1/4 
7729-9° P.1.354252 5/16 
P.I.349588 1/4 
21 1/8 
P.I.354257 1/16 
^P.I. indicates a plant introduction number, 
^lowa State University selection. 
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Table 1. (Continued) 
Parentage 
Line Pedigree ratio 
77109-ID P.1.349588 1/4 
21 1/4 
460-2 (unknown parents) 1/2 
Ring Master 12 7/16 
P.1.349588 1/4 
P.I.354252 3/16 
P.I.354253 1/16 
V-v P.I.354254 1/16 
78236 Ring Master 1/2 
Unknown 1/2 
Pink Satin P.I.354252 1/2 
Tangerine^ 1/2 
Purple Silk 16 1/2 
Tangerine 1/2 
Rainbow Star and P.I.354264 1/2 
Star Fire Tangerine 1/2 
Summer Star P.I.354262 1/2 
P.1.349629 1/2 
Red Coat P.I.354262 1/4 
P.I.349588 1/4 
P.1.354254 1/4 
P.I.354259 1/4 
Chariot P.I.354253 1/8 
P.I.354254 1/8 
P.I.354258 1/8 
P.I.354255 1/8 
P.I.354252 1/4 
P.I.354257 1/4 
Red Magic Not available 
"^Commercial line. 
necrotic; 4 = susceptible, leaf entirely or almost entirely 
yellowed and necrotic with web; and 5 = highly susceptible, 
leaf dried or died). The score for each line in both spring 
and fall was obtained by averaging the replicate scores at 
the end of the eighth week each time the experiment was con­
ducted. The results were statistically analyzed. 
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Determination of Leaf Cuticle 
Leaf cuticle of the same lines was isolated and weighed 
using the method of Holloway and Baker (1968). Fifty disks 
(1.6 cm in diameter each) from each line were soaked for 4 
hours in the zinc chloride-hydrochloric acid solution to 
remove the cuticle. A correlation test of the average amount 
of cuticle of 3 replications per line with the line scores 
was done. 
Crosses and Selfs Among Plants 
Sixteen lines with a wide range of resistance levels 
were selected from the original 27 that were tested, crossed 
reciprocally, and selfed during September, October, and 
November of 1979. Seeds from successful reciprocal matings 
were sown in December and seedlings were transplanted in 7.6 
cm pots when they reached a height of 3 to 5 cm. Plants 
were allowed to grow to blooming stage. Hybrids were 
divided into 2 groups on the basis of having similar flower 
and leaf shape. Only the healthiest plant of each group 
was kept and cloned. All progeny of selfed plants were 
cloned. 
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Progeny evaluation 
Feeding preference 
For hybrids Feeding preference tests were run 
among the 4 selected hybrids in each set of reciprocal 
crosses. Leaf disks (1.6 cm in diameter) were cut from 
leaves of each of these plants and one dish from each plant 
was put upside down close to the edge of a thick filter 
paper in a 10-cm plastic petri dish. The filter paper was 
underlain with 4 layers of moistened cheesecloth. Twenty 
adult female mites that had been starved for 6 hours were 
put in the center of the petri dish (Figure 1). This proce­
dure was replicated 4 times. After applying vaseline on 
their top edges, the uncovered petri dishes were put in a 
growth chamber at 25°C + 2°C with continuous illumination. 
After 12 hours, the number of mites on each disk was counted 
under the microscope and the average number of mites per 
disk per set of reciprocal crosses was calculated. Compari­
sons by T-test among the sets were done. 
For selfed progenies The same procedure was used 
in testing the progeny of the selfed plants except the petri 
dishes were replaced by plastic trays to make enough room 
for the disks of the higher number of individuals. The 
total number of mites on disks of each individual was counted 
and analysis of variance was done. 
Figure 1. Four replicates with leaf disks used in the food 
preference test for each of the successful 
reciprocal hybrids 
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Damage evaluation Only the hybrid which showed 
the lowest feeding preference for mites from each set of re­
ciprocal crosses and 3 randomly selected plants from each 
selfing progeny were used. The hybrids were replicated 3 
times, and the 3 selected plants from each selfing progeny 
were considered as 3 replicates. The same rating procedure 
as that used with the parents was run with progeny except 
it was only run once. The mean scores of the replicates at 
the end of the eighth week were statistically analyzed. 
Tests on Selected Parent and Progeny Plants 
Clones of the lines '452-1', '474-2', '7729-8', '7729-9', 
'77109-lD', 'Hot Pants', 'Ring Master', '7729-9x7729-8', 
'7729-9x77109-10', '7729-9xRing Master', '7729-9xHot Pants', 
'7729-9x452-1', '77109-lDxHot Pants', '77109-10x452-1', 
'452-1x474-2', '7729-8x77109-10', and the most nonpreferred 
plant from the selfed progeny of the line '7729-9', were 
selected for further tests. All others were discarded. 
Oviposition response tests 
Leaf disk method : Based on the procedure suggested by 
Ponti and Inggamer (1976), three disks (1.6 cm in diameter) 
from mature leaves per selected clone were cut and randomly 
placed upside down on the filter paper. Young adult female 
mites were selected from a population reared on susceptible 
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Impatiens plants in the greenhouse and were placed on the 
disks with a rate of 1 mite per disk. Three replications 
were made. The trays were put in a growth chamber at 25°C 
during 14 light hours and 17°C during 10 dark hours for 120 
hours (5 days). The eggs deposited by mites were counted 
under the microscope on each disk. The average number of 
eggs per disk per adult female was calculated and statis­
tically tested. 
Rings method: Three rings of Tanglefoot, each about 
2 cm in diameter, were made on the upper surface of 3 ran­
domly selected leaves on each of the 17 lines. One young 
adult female mite was put in each ring. Plants were placed 
randomly in a growth chamber with conditions to that in the 
leaf disks method. After 5 days, eggs were counted under 
the microscope. The average number of eggs per female per 
ring was calculated for each line and the data were statis­
tically analyzed. 
Life cycle tests 
The rings method After counting the eggs deposited 
in the rings method of oviposition response test, all eggs 
and nymphs were removed from the rings. The females were 
left for a while and then removed along with all but 3 new 
eggs. After 10 days and on each following day, the rings 
on the leaves were checked for the first egg laid by any 
newly hatched female. Once an egg was found, the time was 
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recorded. This test ended when an egg had been found laid 
in every ring of all plants. The life cycle of the mites on 
each line was calculated by averaging the time taken to get 
the first new egg in each of the 3 replications. The results 
were statistically analyzed. 
The whole leaf method ; New plants of the 17 lines were 
used. Lanolin was applied around the petioles of 3 randomly 
selected leaves on each plant. Three adult female mites 
were taken from each previously used clonal plant and put on 
the leaves of a plant of the same clone at rate of 1 mite 
per leaf. Plants were randomly assigned in the growth chamber 
with the same conditions as used in the previous experiment. 
After 3 days, the leaves were checked for oviposition and 
the mites were removed with all but 3 new eggs. The remain­
ing steps of this procedure are similar to that in the 
previous test. 
Food preference test 
Detached leaves, 1 from each line, were randomly arranged 
near the edge of a circle of polyethylene laid on 8 moistened 
cheesecloth layers in a plastic tray (Figure 2). The petiole 
of each leaf penetrated the cheesecloth and the blade laid 
on the polyethylene. Fifty-one, six-hour-starved adult female 
mites were put in the center of the circle. With 3 replica­
tions, trays were put in a growth chamber for 12 hours at 
Figure 2. A replicate with whole leaves used in the food 
preference test for the selected Impatiens 
parents and progenies 
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25°C with continuous illumination. The mites on each leaf 
were counted and the average number of mites per leaf per 
line was calculated and statistically analyzed. 
pH preference test 
Using the procedure of LaMotte et al. (.1973), the pH of 
leaf filtrates of the lines was measured using a microelec-
trode. Each measurement was repeated 3 times. The average 
was calculated and statistically tested. Correlation coef­
ficient was calculated between the pH of leaf filtrates and 
feeding preference. 
Size of eggs, adult females, and adult males 
The mites on the plants used in oviposition response test 
(rings method) and of the life cycle test (rings method) were 
allowed to infest the whole plant by releasing many of them 
from the rings to the other leaves of the same plant. After 
6 weeks, size measurements of eggs, adult females, and adult 
males were made using a microscopic micrometer. Twenty of 
each kind were measured and statistically analyzed. 
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RESULTS 
Initial Screening and Evaluation of Plants 
Plant evaluation and the scoring procedure were based on 
the degree of damage caused by the two-spotted spider mite 
infestation. Although inoculation was made to all leaves 
except the 4 at the top, the lower leaves suffered earlier 
and sustained more damage than did upper leaves. As the 
mite population developed, the damage symptoms moved upward 
to include even the apical growth points of the plants in 
many lines. 
The first symptoms were yellow or rusty specks along the 
midrib and main veins of the leaf, ultimately spreading 
over the whole leaf. Next, entire leaves became yellow and 
necrotic spots appeared. On susceptible plants, leaves 
would become almost entirely necrotic and covered with webbing. 
Such leaves would soon abscise. On highly susceptible plants, 
the terminal growth became infested and entire plants died. 
The tested lines responded differently in regard to the 
amount of damage caused by the mites. Analyses of variance 
(Tables 2 and 3) show significant differences among screened 
plants in both spring and fall tests. The lines, 'Hot Pants', 
'Rainbow Star', 'Stoplight', 474-2', and 'Pink Satin', were 
highly susceptible in both tests, while *7729-9', '7729-8', 
and 'Chariot' had the highest resistance [Table 4). All 
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Table 2. Analysis of variance of means of scores of 
Impatiens lines screened during Spring 1979 
Source of Degrees of 
variation freedom Mean squares F-value 
Lines 26 
Error 54 
Total 80 
3.26 10.55** 
0.31 
**Means are significantly different at 0.01 level. 
Table 3. Analysis of variance of means of scores of 
Impatiens lines screened during Fall 1979 
Source of Degrees of 
variation freedom Mean squares F-value 
Lines 26 4.02 19.16** 
Error 54 0.21 
Total 80 
**Means are significantly different at 0.01 level. 
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Table 4. Mean scores for degree of susceptibility for lines 
screened in spring and fall and for the amount of 
cuticle on leaves of the same plants^ 
Amount of 
Spring test Fall test cuticle 
Line scores scores mg/disk 
Hot Pants 5.0 a 5.0 a 0.067 k 
Rainbow Star 5.0 a 5.0 a 0.074 hi] 
Stoplight 4.7 ab 4.7 ab 0.082 cdefg 
474-2 4.7 ab 5.0 a 0.082 cdefg 
Pink Satin 4.7 ab 4.7 ab 0.079 fghi] 
625-1 4.3 abc 5.0 a 0.075 ghi] 
Purple Silk 4.3 abc 4.0 bed 0.080 defgh 
Red Coat 4.3 abc 4.3 abc 0.082 cdefg 
Red Magic 4.0 abed 4.3 abc 0.084 bcde 
Summer Star 4.0 abed 4.3 abc 0.071 jk 
October Charm 3.7 bcde 4.0 bed 0.076 fghij 
452-1 3.7 bcde 3.7 cde 0.086 bcde 
7 3.3 cdef 3.0 ef 0.072 ijk 
12 3.3 cdef 3.3 de 0.082 cdefg 
473-1 3.3 cdef 3.3 de 0.087 bed 
Star Fire 3.3 cdef 3.7 cde 0.088 abc 
16 3.0 defg 3.0 ef 0.083 bcde 
21 3.0 defg 3.0 ef 0.084 bcde 
78236 3.0 defg 3.0 ef 0.085 bcde 
Ring Master 2.7 efgh 3.0 ef 0.086 bcde 
14 2.3 fghi 2.3 fg 0.080 defgh 
622-1 2.3 fghi 2.0 g 0.084 bcde 
7884-C 2.3 fghi 2.3 fg 0.085 bcde 
77109-lD 2.3 fghi 2.3 fg 0.084 bcde 
Chariot 2.0 ghi 1.7 gh 0.094 a 
7729-8 1.7 hi 1.7 gh 0.089 abc 
7729-9 1.3 i 1.0 h 0.090 ab 
^Means with the same letter are not significantly 
different at the 0.05 level as tested by Duncan's multiple 
range test. 
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other lines exhibited degrees of resistance somewhere be­
tween these two groups. 
It was noted that the variation among lines was minimal 
during the first 3 weeks of infestation, but it developed 
rapidly afterwards. This would seem to be related to the 
time required for the mite popniatimn tn hm'id np. The num­
ber of mites on leaves was not counted, but the relative 
amount of damage to the leaves is generally considered to be 
a good indication of the size of a mite population. It was 
noted also that some lines have the capability of regenerat­
ing new growing points at the lower nodes, but in most cases 
rapid attack takes place even before completion of new leaf 
expansion. The first death of an entire plant occurred in 
the end of the seventh week of the infestation when 1 
replicate of 'Hot Pants' died. The other 2 replicates of 
this line and all 3 replicates of the line 'Rainbow Star' 
died in the end of the eighth week. At this time, 2 
replicates of the line '7729-9' and 1 replicate of the line 
'7729-8' showed no mite damage. The other replicates of 
these 2 lines were little affected. The same situation 
with these 4 lines happened again in the fall when the screen 
was duplicated, except that all replicates of '7729-9' were 
undamaged. The relative resistance of the other lines also 
was similar for both tests. 
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Leaf cuticle 
This test was conducted to measure the degree of associa­
tion of resistance to the two-spotted spider mite in the 
screened Impatiens plants with the amount of leaf cuticle. 
The tested lines differed significantly in their cuticle 
content (Table 5). 
Table 5. Analysis of variance of means of amount of cuticle 
(mg/disk) of Impatiens lines 
Source of Degrees of 
variation freedom Mean squares F-value 
26 0.000114 7.94** 
54 0.000014 
80 
**Means are significantly different at 0.01 level. 
The lowest amount was found to be in 'Hot Pants' and 
the highest in the line 'Chariot' (Table 4). Also, higher 
amounts could be noted in the lines '7729-9' and '7729-8'. 
The correlation coefficient (r) between cuticle thickness 
and degree of susceptibility was -0.66. Due to Snedecor and 
Cochran (1980), this value is significantly high, since ab­
solute tabulated r value equals 0.487 at 1% and 25 degrees of 
freedom. 
Lines 
Error 
Total 
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Crosses and Selfs for Progeny Evaluation 
The 16 lines selected for selfing and hybridization 
were: '7', '12', '14', '16', '21', 'Hot Pants', '452-1', 
'474-2', '622-1', '625-1', '7729-8', '7729-9', *78840', 
'77109-lD', 'Red Coat', and 'Ring Master'. These lines 
were of different rating scores including the extremes. 
Pollination attempts were tried nearly every day during 
September, October, and November 1979 with little success 
compared to the great number of flowers involved. Crosses 
using some lines, such as '7884C' and '625-1', were unsuc­
cessful whether the lines were used as a male or female 
parent. The number of seeds produced from successful crosses 
ranged from 2 to 53 with 1 to 7 seeds per seed pod. Selfing 
gave a higher number of seeds with totals of 3 to 18 seeds 
and 3 to 21 seeds per pod. 
Hybrids with seed counts lower than 8 were discarded as 
were Lhose hybrids that did not have a successful reciprocal. 
This left 9 pairs of reciprocal crosses for testing. Like­
wise, only 7 of the selfed lines gave 8 or more seeds and 
were used in subsequent tests. 
Feeding preference 
For hybrids Hybrids from reciprocal crosses showed 
no significant differences in food preference by the two-
spotted spider mites (Table 6). This means that all hybrid 
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Table 6. Average number of mites per disk of hybrid groups 
from reciprocal crosses 
Hybrid groups 
Reciprocal crosses ^ 
female x male I II Total t-value 
7729-9 X Ring Master 5 .00 4 .25 9. 25 0. 00 
Ring Master x 7729-9 4 .75 4 .50 9. 25 
7729-9 X 452-1 4 .00 6 .00 10. 00 0. 00 
452-1 X 7729-9 5 .50 4 .50 10. 00 
7729-9 X 77109-lD 3 .50 5 .00 8. 50 -0. 707 
77109-lD X 7729-9 5 .75 4 .25 10. 00 
7729-9 X Hot Pants 3 .75 5 .75 9. 50 -0. 485 
Hot Pants X 7729-9 5 .00 5 .50 10. 50 
7729-9 X 7729-8 4 .00 3 .75 7. 75 —2. 828 
7729-8 X 7729-9 4 .50 4 .25 8. 75 
7729-9 X 7729-lD 5 .00 4 .50 9. 50 -0. 707 
77109-lD X 7729-8 4 .75 5 .25 10. 25 
77109-lD X 452-1 4 .25 5 .50 9. 75 -0. 343 
452-1 X 77109-lD 5 .50 4 .75 10. 25 
77109-lD X Hot Pants 4 .75 5 .25 10. 00 0. 00 
Hot Pants X 77109-lD 5 .00 5 .00 10. 00 
452-1 X 474-2 5 .25 4 .25 9. 50 -1. 00 
474-2 X 452-1 5 .25 5 .25 10. 50 
^Mone of these values are significant. 
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groups do not differ from each other in acceptance as a food 
source for the starved mites. For this reason, only one 
clone from each hybrid was maintained for the progeny evalua­
tion for damage. 
For selfed progenies An evaluation of the feeding 
preference of mites among the progenies of selfs showed that 
significant differences for this factor existed in progenies 
of the lines '7', 'Hot Pants', '452-1', '7729-8', '7729-9', 
and 'Ring Master' (Tables 7, 8, 9, 10, 11, and 12, respec­
tively), while the selfed progeny of the line '21' showed no 
significant difference (Table 13). Only 3 plants from each of 
the progenies that showed variation in feeding preference were 
kept for further testing and the others were discarded. 
Table 7. Analysis of variance of preference for food by the 
two-spotted spider mite of line '7' selfed progeny 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 19 1.079 2.54** 
Error 60 0.425 
Total 79 
**Maans are significantly different at 0.01 level. 
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Table 8. Analysis of variance of preference for food by 
the two-spotted spider mite for 'Hot Pants' 
selfed progeny 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 19 1.816 4.64** 
Error 60 0.391 
Total 79 
**Means are significantly different at 0.01 level. 
Table 9. Analysis of variance of preference for food by the 
two-spotted spider mite for progeny of selfed 
'452-1' line 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 19 1.289 2.46** 
Error 60 0.525 
Total 79 
**Means are significantly different at 0.01 level. 
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Table 10. Analysis of variance of preference for food by 
the two-spotted spider mite for progeny of selfed 
•7729-8' line 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 19 4.226 9.57** 
Error 60 0.442 
Total 79 
'*Means are significantly different at 0.01 level, 
Table 11. Analysis of variance of preference for food by 
the two-spotted spider mite for progeny of selfed 
•7729-9' line 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 19 3.392 4.68** 
Error 60 0.725 
Total 79 
**Means are significantly different at 0.01 level. 
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Table 12= Analysis of variance of food preference by the 
two-spotted spider mite for progeny of selfed 
'Ring Master' line 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 7 2.071 4.32** 
Error 24 0.479 
Total 31 
**Means are significantly different at 0.01 level. 
Table 13. Analysis of variance of food preference by the 
two-spotted spider mite for progeny of selfed 
'21' line 
Source of 
variation 
Degrees of 
freedom Mean squares F-value 
Plants 
Error 
Total 
15 
48 
63 
1.367 
0. 781 
1.75 
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Evaluation for damage This test was performed only 
once in Spring 1980 to test the differences in resistance to 
mites of 16 selected hybrids and inbreds. These plants showed 
significant differences in resistance to the pest (Table 14). 
The lines '452-1x474-2', 'Hot Pants'77109-lDxHot Pants', 
'210', and '452-1 were the least resistant, while the 
lines, '7729-90', '7729-9 x 7729-8', '7729-9 x Ring Master', 
and '7729-8 0' had the highest resistance (Table 15). All 
other lines were in between. 
Table 14. Analysis of variance of scores of the selected 
progeny plants 
Source of 
variation 
Degrees of 
freedom Mean squares F-value 
Plants 15 3.976 19.09** 
Error 32 0.208 
Total 47 
**Means are significantly different at 0.01 level. 
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Table 15. Score means of the selected hybrid and selfed 
plants of the test run in 1980^ 
The Plant 
452-1 X 474-2 5.0 a 
Hot Pants 4.7 ab 
77109-lD X Hot Pants 4.7 ab 
21 4.3 abc 
452-1 0 4.3 abc 
Ring Master 0 4.0 bed 
77109-lD X 452-1 3.7 cde 
7729-8 X 77109-lD 3.3 def 
7729-9 X Hot Pants 3.3 def 
7 0 3.0 ef 
7729-9 X 77109-lD 3.0 ef 
7729-9 X 452-1 2.7 fg 
7729-8 0 2.0 gh 
7729-9 X Ring Master 2.0 gh 
7729-9 X 7729-8 1.7 h 
7729-9 0 1.3 h 
^Means followed by the same letters are not signifi­
cantly different at the 0.05 level as tested by Duncan's 
multiple range test. 
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Tests on Selected Parent and Progeny Plants 
Seven lines having different degrees of resistance to 
the two-spotted spider mites were selected from the parents. 
An additional 10 hybrids between some of these parents or 
in one case a self of a parent with different resistance 
levels were selected also. The results of the tests per­
formed with these lines follow. 
Preference for oviposition 
On leaf disks The highest number of eggs per day 
(mean 5.9/female) was oviposited on '474-2' disks, and the 
least (mean 0.1/female) on '7729-9' (Table 16). Analysis of 
variance of mean eggs deposited on disks of different tested 
lines showed that significant differences existed among these 
lines (Table 17). 
In Tanglefoot rings on attached leaves This technique 
showed higher means of oviposition than the disks technique. 
The highest number of eggs per day (mean 11.8/female), and 
the least (mean 0.1/female) were in rings on the lines '747-2' 
and *7729-9', respectively, the same as with the previous tech­
nique (Table 16). Significant differences among lines were 
found in this test also (Table 18). 
Table 16. Means of daily rate of oviposition on disks and rings, averaae lifa cycle 
of female spider mite in rings and on whole leaves, food preference, and 
leaf pH^ 
Life cycle in days 
Plant 
Daily oviposition 
per female per 
Disk Ring 
On whole 
In rings leaves 
for for 
females females 
Food 
preference Leaf pH 
474-2 5. 9 a 11.8 a 12. 3 g 12. 0 d 5.6 bc 6. 546 bed 
77109-lD X 452-1 4. 7 b 7.9 b 12. 3 g 12. 0 d 7.3 a 6. 352 def 
7729-9 X Hot Pants 4. 6 b 7.9 b 16. 0 cd 13. 0 c 1.3 f 6. 226 efg 
452-1 X 474-2 2. 6 c 6.8 be 13. 6 e 15. 6 b 5.0 cd 6. 903 a 
77109-lD X Hot Pants 2. 2 d 4.8 de 16. 0 cd 15. 6 b 1.0 fg 6. 376 cdef 
7729-9 X 77109-lD 2. 0 de 4.1 ef 12. 6 fg 12. 6 cd 3.0 e 6. 400 cdef 
Hot Pants 1. 8 ef 5.7 cd 13. 6 e 12. 3 cd 2.6 e 6. 500 bcde 
77109-lD 1. 5 fg 5.7 cd 12. 3 g 13. 0 c 1.3 f 6. 783 ab 
7729-9 X 452-1 1. 5 fg 5.6 cd 16. 3 c 15. 6 b 4.6 d 6. 640 abc 
7729-8 X 77109-lD 1. 4 fg 3.2 f 12. 6 fg 12. 6 cd 6.3 b 6. 213 fg 
7729-9 X Ring Master 1. 3 gh 3.4 f 15. 3 d 15. 3 b 0.3 g 6. 863 a 
7729-9 g) 1. 0 hi 0.9 g 18. 3 a 18. 0 a 1.3 f 6. 563 bed 
452-1 0. 7 ij 3.2 f 16. 0 cd 15. 0 b 2.3 e 5. 996 g 
7729-9 X 7729-8 0. 6 ij 0.9 g 13. 3 ef 13. 0 c 2.6 e 6. 210 fg 
Ring Master 0. 5 j 0.8 g 16. 0 cd 15. 3 b 3.0 e 6. 786 ab 
7729-8 0. 4 jk 0.3 g 17. 3 b 17. 3 a 2.3 e 6. 650 abc 
7729-9 0. 1 k 0.1 g 18. 3 a 17. 6 a 0.6 fg 6. 690 ab 
Mean 1. 9 4.3 14. 8 14. 4 3.0 6. 511 
^Means with the same letter are not significantly different at the 0.05 level 
according to Duncan's multiple range test. 
44 
Table 17. Analysis of variance of daily rate of oviposition 
per adult female using leaf disks technique 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 16 
Error 34 
Total 50 
8.184 199.18** 
0.041 
**Means are significantly different at 0.01 level. 
Table 18. Analysis of variance of daily rate of oviposition 
per adult female using tanglefoot ring technique 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 16 
Error 34 
Total 50 
31.042 60.98** 
0.501 
**Means are significantly different at 0.01 level. 
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Life cycle response of mites 
Rings technique Significant differences in the 
length of life cycle of female mites on different Impatiens 
lines were found (Table 19). The longest life cycle seems 
to be on the resistant lines and the shortest on the sus­
ceptible lines (Table 16). The range between the extreme 
lines was from 12.3 days to 18.3 days, with average of 14.8 
days for the population. 
Table 19. Analysis of variance of average life cycle of the 
two-spotted spider mite on plants using tangle­
foot ring technique 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 16 13.460 52.81** 
Error 34 0.255 
Total 50 
**Means are significantly different at 0.01 level. 
Using the whole leaf This procedure also showed sig­
nificant differences in length of life cycle of the female 
two-spotted spider mite on different lines (Table 20). The 
shortest one (12.0 days) was on the highly susceptible lines 
and longest (18.0 days) was on the highly resistant lines 
with the average life cycle in the population being 14.4 
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Table 20. Analysis of variance of average life cycle of 
spider mites on plants using whole leaf technique 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 16 12.505 63.77** 
Error 34 0.196 
Total 50 
**Means are significantly different at 0.01 level. 
days (Table 16). 
Feeding preference 
This experiment was performed to test the nonpreference 
mechanism of resistance. The test showed significant differ­
ences among the 17 tested lines in feeding preference by the 
two-spotted spider mite (Table 21). Generally, the resistant 
lines showed a lower degree of preference by the starved 
mites than did the susceptible lines (Table 16). The least 
preferred line was '7729-9', and the most preferred was 
'474-2'. The line '7729-9' when crossed with 'Ring Master' 
resulted in a less preferred hybrid, while the same line 
when crossed with the resistant line '7729-8' resulted in 
hybrid of higher preference than either parent. Similar 
results were found when the highly susceptible line '452-2' 
was crossed with the line '77109-lD'. The other hybrids 
showed intermediate situations. 
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Table 21. Analysis of variance of average mite number per 
detached leaf as a measure of food preference 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 16 13.083 51.33** 
Error 34 0.255 
Total 50 
**Means are significantly different at 0.01 level. 
pH preference test 
This experiment was performed primarily to correlate 
the leaf pH of the 17 lines with food preference. Three pH 
measurements, at different times, were taken from each line. 
The analysis of variance of pH means showed that significant 
differences existed among the lines (Table 22). The range of 
the pH value of the lines was between 5.996 and 6.903 (Table 
16). A correlation test between the pH of the lines and 
their preference as food by the two-spotted spider mite 
gave a correlation coefficient (x) value of -0.16, indicat­
ing a very low degree of association between these 2 
characters. 
Size tests of eggs, adult females, and adult males 
The tests showed significant differences of sizes of 
eggs, females, and males of the two-spotted spider mites 
(Tables 23, 24, and 25). The highly susceptible line. 
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Table 22. Analysis of variance of average leaf pH of the 17 
Impatiens plants 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 16 0.203 8.71** 
Error 34 0.023 
Total 50 
**Means are significantly different at 0.01 level. 
Table 23. Analysis of variance of egg size of the two-
spotted spider mite on the 17 lines of Impatiens 
(parents and progeny) 
Source of Degrees of 
variation freedom Mean squares F-value 
Plants 16 0.00091 5.92** 
Error 323 0.00015 
Total 339 
**Means are significantly different at 0.01 level. 
'474-2*, showed the largest egg, female, and male size, while 
the highly resistant line, '7729-9* had the smallest eggs, 
females, and males (Table 26). The mean egg size ranged from 
0.125 to 0.150 mm, mean female size ranged from 0.397 to 0.553 
ram, and mean male size ranged from 0.260 to 0.348 mm. 
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Table 24. Analysis of variance of female size of the two-
spotted spider mite on 17 lines of Impatiens 
(parents and progeny) 
Plants 16 
Error 323 
Total 339 
0.0259 24.62** 
0.0010 
**Means are significantly different at 0.01 level. 
Table 25. Analysis of variance of male size of the two-
spotted spider mite on 17 lines of Impatiens 
(parents and progeny) 
Plants 16 
Error 323 
Total 339 
0.01466 63.33** 
0.00023 
**Means are significantly different at 0.01 level. 
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Table 26. Means of egg size, adult female size, and adult 
male size of the two-spotted spider mite on some 
Impatiens lines and seme cf their progenies^ 
Egg size Female size Male size 
Plant (mm) (jnm) (mm) 
474-2 0. 150 a 0. 553 a 0. 352 a 
7729-8 0. 141 b 0. 448 ede 0. 275 fg 
7729-9 X 7729-8 0. 141 b 0. 418 g 0. 293 cde 
77109-lD X 452-1 0. 138 be 0. 397 h 0. 348 a 
77109-lD X Hot Pants 0. 138 be 0. 463 bed 0. 267 ghi 
Ring Master 0. 136 bed 0. 461 bed 0. 267 ghi 
7729-9 X 452-1 0. 136 bed 0. 477 b 0. 295 cd 
7729-8 X 77109-lD 0. 136 bed 0. 482 b 0. 290 cde 
7729-9 X 77109-lD 0. 133 bede 0. 467 be 0. 275 fg 
7729-9 X Ring Master 0. 131 ede 0. 427 efg 0. 267 ghi 
Hot Pants 0. 130 cde 0. 447 cdef 0. 283 ef 
452-1 0. 130 ede 0. 482 b 0. 310 b 
77109-lD 0. 128 de 0. 428 efg 0. 288 de 
7729-9 X Hot Pants 0. 128 de 0. 425 efg 0. 300 c 
7729-9 0 0. 128 de 0. 428 efg 0. 260 i 
7729-9 0. 125 e 0. 442 defg 0. 263 hi 
452-1 X 474-2 0. 125 e 0. 423 fg 0. 273 fgh 
^Means with the same letter are not significantly differ­
ent according to Duncan's multiple range test. 
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DISCUSSION AND CONCLUSION 
The screening of the 27 Impatiens lines indicated a 
wide variation among these lines to the infestation by the 
two-spotted spider mite in both the spring and fall tests. 
However, the response of each line was very similar in the 
two tests which means that the resistance is true resistance 
and not due to the pest avoidance or escape from infestation 
(Painter, 1951; Russell, 1978). 
The variation in resistance among the lines is reflected, 
not only by the amount of damage caused by mites to the plants, 
but also by the speed at which the damage occurred. For ex­
ample, the leaves of 'Hot Pants' started abscising six weeks 
after infestation, and 1 plant of this line dies at the end 
of the seventh week. On the other hand, the leaves of 
'7729-9' did not start to abscise intil after 10 weeks. None 
of the 3 replicates of this line had died after 2 years from 
the initial infestation, even with constant exposure to spider 
mites. Although these plants always showed symptoms of mite 
damage, the damage was restricted to the older leaves and 
plant growth, although slower than normal, continued through­
out this period-
On susceptible lines, damage symptoms first showed as 
yellow or rusty specks along the midribs and the main veins, 
eventually spreading to the entire leaf. The leaf turns rusty 
in color, then necrosis occurs and webs are formed. With 
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resistant lines, similar damage symptoms occur, but they 
start near the edge of the leaf and then spread inward. The 
time required to cover the whole leaf is much longer than that 
required for the susceptible lines. In all tested lines, 
attacks by the two-spotted spider mites start on the lower 
leaves of the plant, and as the infestation develops, the 
population moves toward the top. The death of plants of the 
susceptible lines occurs after the growing points of these 
plants are attacked by the mites. The appearance of webbing 
in the growing point area is generally a signal that the mite 
population is sufficiently large to cause the death of a plant. 
Slow increase in population size of the mites on resistant 
plants would seem to be associated with the fact that they 
never reach the growing point in sufficient numbers to inter­
fere with the new growth of the plant. Thus, the resistant 
plant will continue to put out new leaves even though a mite 
infestation is present on the lower leaves of the plant. The 
slower growth of an infested resistant plant as compared to 
an uninfested one could be related to the loss of photosyn-
thetic capacity by the plant as a result of the mite damage 
to the older leaves. 
One possible reason for the differences in mite suscepti­
bility among the lines could be the thickness of cuticle of 
the leaves, since a thick cuticle is believed to be one of 
the ways that a plant might repel a tetranychid mite popula­
tion (Jesiotr et al., 1979). The thickness of cuticle was not 
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estimated but indicated by the measured amount of cuticle on 
the leaf surfaces, since the thickness of cuticle is propor­
tional to the amount of cuticle. The constant value in this 
relationship would be 1/area of disks x the density of cuticle, 
A high negative correlation between the amount of cuticle 
on the leaves and the amount of infestation indicates that 
the cuticle is at least one of the factors that protect the 
plants from the attack of the two-spotted spider mite. This 
agrees with Jesiotr et al.'s (1979) statement. Because the 
differences in the resistance to the two-spotted spider mites 
among different Impatiens lines can be attributed in part to 
the differences in the amount of cuticle, the inheritance of 
cuticle characteristics should be tested along with the other 
mechanisms which also may be important in influencing the 
level of resistance. 
Tests for resistance to spider mites, using progenies cf 
reciprocal crosses between resistant and susceptible lines 
was used to detect whether the resistance is being controlled 
by genes in cytoplasm or in the nucleus. Dunn (1974) found 
that inheritance of resistance to root aphid in lettuce plants 
is controlled by both cytoplasmic and genetic factors. No 
other examples regarding cytoplasmic inheritance to resis­
tance against animal pests were found in the literature, but 
many can be found for other organisms. 
The lack of significant differences in the amount of mite 
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damage between the 2 hybrids in any of the pairs of reciprocal 
crosses would indicate a definite absence of any cytoplasmic 
influence among these plants in the control of resistance to 
the two-spotted spider mite. Even the reciprocals from the 
cross between '7729-9' and 'Hot Pants', showed no varia­
bility regarding feeding preference by the mites. In con­
trast, considerable variability was found for this trait 
among the selfed progenies. 
From the results of evaluating progenies of the selected 
16 hybrid and self plants, it is clear that the resistant 
lines, '7729-9' and '7729-8', when selfed, maintained the re­
sistance in their progenies, and when crossed with susceptible 
lines, such as 'Hot Pants' and '452-1', produced intermediate 
progenies. This could lead to a conclusion that the resis­
tance in the Impatiens plants is polygenic and partially 
dominant which is similar to what was found in strawberry 
plants by Chaplin et al. (1968). Also, selfing the resis­
tant line, 'Ring Master', showed loss in resistance which 
might be attributed to nonadditive gene action and/or a 
loss of vigor which is similar to what was found in straw­
berry plants. 
Although a feeding preference test is not a means of 
final judgment as to the presence or absence of resistance 
in a plant, it should indicate the possibility that resis­
tance is present in the nonpreferred plant. Other tests 
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should be performed, however, to substantiate the fact 
that a particular plant is resistant (Painter, 1951). 
Damage evaluation of the progenies reflects the degree 
of resistance in plants, but not the mechanism(s) responsible 
for expressing such resistance. It is a means used to simpli­
fy and detect the resistance in the tested plant without ex­
ploring the details and complexity of resistance. 
The number and type of mechanisms involved in resis­
tance to a pest are believed to affect the stability of re­
sistance and are of as much importance as the number of genes 
that control these mechanisms (Russell, 1978). Therefore, 
many tests concerning this belief were conducted with 17 
selected parents, selfs, and hybrids of Impatiens plants. 
Regarding oviposition response, both techniques, the leaf 
disk and the tanglefoot rings, showed that the highly sus­
ceptible line '474-2' was the most preferred for oviposition, 
and that the highly resistant lines '7729-9', '7729-8', and 
•Ring Master' were the least preferred for oviposition. The 
complexity of the genetic control of this character can be 
illustrated by the hybrids '77109-lD x 452-1' and *7729-9 x 
Hot Pants'. In these hybrids, the crossing of highly resis­
tant lines with medium resistant lines resulted in individuals 
that were quite susceptible. The fact that only 1 individual 
was tested from hybrids between heterozygous parents pre­
cludes any interpretation from these data concerning the 
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genetic control of this character. It should be noted, 
however, that in all parental combinations except one, the 
hybrids received more eggs than did either parent. This 
would point out the need for testing all individuals of a 
hybrid population in order to identify the ones with the 
highest levels of resistance. 
Overall, these 2 techniques for measuring oviposition 
produced quite similar results, particularly among the 4 most 
susceptible and the 4 most resistant lines. The variation in 
relative oviposition among the intermediate lines could be 
related to the suggestion by Van de Vrie et al. (1972) that 
oviposition depends upon the nutrition status, and using leaf 
disks may tend to affect this factor. Therefore, relying 
on leaf disk technique for the actual rate of oviposition of 
mites on Impatiens lines is not recommended. Although the 
same mean number of eggs was found on the resistant line 
'7729-9' in both techniques, twice as many were found on 
'474-2*, the susceptible line, using the ring technique as 
compared to the leaf disk method. Since the 2 techniques gave 
fairly similar results on the resistant end of the scale, 
however, it should be possible to use the disk technique as a 
preliminary screen to eliminate most of the susceptible in­
dividuals. The ring method then could be used for the final 
evaluation because it is considered to be closer to natural 
conditions and thus a more accurate evaluation. 
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The life cycle tests with the ring and the whole leaf 
techniques showed averages of 14,8 and 14,5 days, respec­
tively, indicating that being forced to live on the top 
surface of the leaf as in the ring technique had no effect on 
the development of the mites when given the environmental 
conditions provided for these tests. With very few excep­
tions, the data from these tests were very similar, indicat­
ing that either method would be satisfactory for obtaining 
this kind of information. The life cycle results also agreed 
with the oviposition tests in regard to the most susceptible 
and the most resistant lines. There was a considerable varia­
tion in the results from the 2 kinds of tests for lines that 
were between the extremes though. The hybrid '7729-9 x 7729-8' 
had a low oviposition rate but provided for a relatively short 
life cycle. If '7729-9' were crossed with '452-1', however, 
the length of the hybrid's life cycle was closer to that of 
the most resistant line than would be expected from its rela­
tive position among the lines in regard to oviposition. The 
line •77109-lD' and most hybrids with this line have a much 
shorter life cycle than would be expected, not only when com­
pared to the oviposition data, but also when one takes into 
account the results of the original screens. This would 
indicate the possible presence in the Impatiens plant of at 
least 2 factors that influence the growth of the two-spotted 
spider mite. The major one, of course, would be the influence 
58 
on general growth of the mites and the other possibility 
would be a factor that influences the length of the life 
cycle. A highly resistant line, such as '7729-lD', would 
have factors for both restricted mite growth and long life 
cycle, while '77109-lD* would provide for a short life 
cycle along with restricted mite growth and have a lower level 
of overall mite resistance than '7729-9'. This idea is sub­
stantiated by the fact that the sizes of the eggs and females 
of '77109-lD' were quite similar to those of the resistant 
lines. 
The relationship between mite size and the level of plant 
resistance to mites should be explained by the postulation of 
Painter (1951) that the feeding of insects during develop­
mental stages on resistant plants results in individuals that 
are smaller in size through the indirect effect of antibiosis. 
Tests for the size of eggs, females, and males of the two-
spotted spider mite were done after the mite population was 
allowed to develop for 6 weeks. According to the average 
life cycle on the Impatiens plants, 3 generations were 
developed during that period. In 3 generations, the resis­
tant plants should have affected the size of the individuals 
and maybe their eggs. 
A very weak relationship exists between the size of eggs 
and mites and the other factors being measured. In regard to 
egg size, the largest were found on '474-2' as to be expected. 
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but the smallest were on the hybrid between '474-2' and 
•452-1'. The mites also produced small eggs on '7729-9' 
but produced larger eggs on the sister line '7729-8' and the 
hybrid between the two. These unexpected results for egg 
size might not be representative of the effect of antibiosis 
on eggs, since some of them might have come from adults of 
the first or second generation that were still alive and 
layinn eggs. 
Measurements of the length of adult males and females did 
not estimate the level of resistance as compared to the origi­
nal ratings any better than did egg size. The problem of mea­
suring mites from the early generations as a result of a ran­
dom sampling could be enhanced by the large variation among 
the lines in the length of the life cycle. This possible con­
fusion among generations could be reduced by periodically 
moving the mites to another plant of the same line, but this 
would make this technique even more time consuming. 
A question would have to be raised as to the value of 
this technique, considering the amount of time needed and 
the questionable accuracy of the results, when compared to 
some of the other methods of measuring mite resistance. 
The food preference test is one of the most common tests 
run by plant breeders to measure resistance levels to a pest. 
This technique adds a new dimension to the testing because 
it allows the mites to have a preference for their food 
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source rather than being restricted to a certain plant. For 
this reason, it was not surprising that the data obtained 
from this test were quite different in regard to food prefer­
ence, and the hybrid of '7729-8' and '77109-lD' was next to 
the highest as the most preferred food source. In contrast, 
'Hot Pants', which was rated as highly susceptible on the mite 
damage tests, had a relatively low preference score, and its 
hybrid with '77109-lD' was among the lines that were least 
preferred. Although nonpreference for food by itself gen­
erally is not considered to be a satisfactory measure of total 
plant resistance, perhaps it should be considered as one of 
the factors needed in a highly resistant plant. Further 
study of this characteristic could be beneficial. 
Leaf pH was measured to determine if it could be a factor 
in the preference for a food source by the mites. A low 
correlation between these 2 factors, however, negated the 
possibility of any real relationship. Neither did leaf pH 
seem to be related to the results of any of the other tests 
used in this study to evaluate the level of mite resistance. 
This would agree with the results obtained by Bart J. Fiori^. 
In addition to being used to obtain information concern­
ing possible interactions between the mites and the host 
^Bart J. Fiori, NE Regional Plant Introduction Station, 
NYS Agr. Exp. Sta., Geneva, N.Y. 14456, personal communica­
tion. 
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plants, the various techniques also were evaluated as to 
whether they would be just as accurate but more efficient 
than the regular screening procedure of inoculating entire 
plants with mites and reading the symptoms after 6 to 8 
weeks. The major problem in using whole plants is the amount 
of space required to screen a large number of hybrid popula­
tions. A plant breeder must incorporate all the desired 
horticultural characteristics into a new cultivar along with 
the mite resistance. Thus, he must look at a large number of 
plants to achieve this goal. The use of leaf disks in the 
oviposition test or the single leaf in the food preference 
would be very efficient in regard to space requirements and 
the amount of time required. Both these tests identified the 
most highly resistant line with the oviposition results 
being the most similar to those of the whole plant screens. 
The food preference test could be very important though 
because it involves the original choice by the mite as to the 
plant on which it wishes to feed. Because these 2 tests are 
efficient, it should be relatively easy to use both on the 
hybrid populations, and then screen only those plants that 
were highly resistant in both tests with the whole plant 
damage evaluation. The life cycle and the leaf cuticle mea­
surement tests also would be of value, but would be in the 
later stages of the breeding program when all the parents had 
high levels of resistance. 
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When attempting to relate the lines used in this study 
to the original plant introduction (P.I.) lines from which 
they originated, it could be found that the highly suscepti­
ble and highly resistant lines had many common ancestors. 
The only parent common to the resistant lines that was not in 
the parentage of the susceptible lines was P.I. 354253. 
Since this line is closely related to 2 other P.I. lines that 
were in the parentage of both the susceptible and the resis­
tant lines, its importance as a source of resistance could be 
questioned. A fact that would seem to be of more importance 
is the appearance of P.I. 354259 in the pedigrees of all the 
highly susceptible lines. It is possible that genes from 
this line control a susceptibility trait and are dominant to, 
or in some other way, inhibited the action of, the genes 
for resistance found in the other lines. The impossibility 
of developing homozygous inbreds from these Impatiens lines 
makes a regular genetic study of the resistance characteristic 
difficult. On the basis of the information obtained in this 
study, however, it would seem that a plant breeder could 
eventually produce cultivars with a high level of resistance 
to the two-spotted spider mite by continual testing end the 
elimination of all the susceptible plants from his breeding 
program as soon as possible. 
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